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(54) Spread spectrum diversity transmitter/receiver 



(57) A spread spectrum diversity transmit- 
ter/receiver, in which a bit error rate is improved even at 
a severe multi path fading channel, is provided. At a 
transmitting section, a multi dimensional transmitting 
signal by code division is used not only for diversity itself 
but also for a convolution^ encoding among diversity 
branches by a convolutions encoder (104). With this, 
an error correction function can be installed. At a receiv- 



ing section, a Viterbi decoding is performed before a 
majority judgment is performed, a bit error at the front 
stage of a majority judging 10 circuit (117) is sup- 
pressed and the likelihood of the majority judgment is 
increased and consequently the bit error rate is largely 
improved. 
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Description 

BACKGROUND OF THE INVENTION 

5 [0001] The present invention relates to a spread spectrum diversity transmitter/receiver that performs code division 
multiple access communication by a spread spectrum technology at a digital racfio transmission that has a severe multi 
path fading problem in particular. 

Description of the Related Art 

70 

[0002] At a radio transmission by a fading channel, generally a diversity reception is needed. As fading, there are a 
flat fading and a selective fading. At the flat fading, a multi path propagation is not generated, but an amplitude/phase 
of a receiving wave itself is directly varied during the propagation. At the selective fading, the multi path propagation is 
generated, and an amplitude/phase of arrival waves by each multi path is independently varied. In this case, since the 

is received signal becomes a combined wave of plural multi path waves, depending on a state of the phase shift, the 
received signal may become an inverse phase combination at a frequency. That is, a frequency selective fade (notch) 
occurs in a received spectrum. At the flat fading, a variation of a received level is a problem and the received waveform 
itself is not distorted. However, at the selective fading by the multi path, in addition to the variation of the received level, 
a distortion of the waveform occurs. 

20 [0003] For the fading channel mentioned above, a diversity reception and an adaptive equalizing technology have 
been conventionally applied. There are several conventional technologies, however in this, as a conventional technol- 
ogy, a spread spectrum communication, which is said to be effective against the multi path distortion, is mentioned. The 
object of the spread spectrum technology is originally developed for military communication being robust against jam- 
ming wave. The multi path wave whose delay time is long has a low correlation with a desiring main wave signal. At the 

25 case that the spread spectrum technology is applied, the correlation between the multi path wave and a spread code 
can not be established and the multi path wave is suppressed at de-spread operation. That is, at the spread spectrum 
technology, the multi path wave is regarded as interference, therefore the spread spectrum technology is a kind of adap- 
tive equalizer. 

[0004] However, the multi path wave whose delay time is short has a high correlation with a main wave signal, there- 
to fore the suppression by the de-spread operation can not be expected. In this case, since the delay time between the 
multi path wave and the main wave is short, at the time when the relation between the multi path wave and the main 
wave becomes an inverse phase, a decline of level, that is, a fade out can be generated. In order to cope with this kind 
of fade out. a diversity reception utilized non-correlation among plural propagation paths becomes indispensable. 
[0005] Fig. 1 is a diagram showing the structure of a diversity reception. Referring to Fig. 1 , the diversity reception is 
35 explained. In Fig. 1 , the transmission is performed from a transmitter 401 to a receiver 402. radio waves transmitted 
from the transmitter 401 arrive the receiver 402 via three different paths 403, 404 and 405. 

[0006] In this, it is assumed that the transmitter 401 transmits the radio waves by using one non-directional antenna. 
The radio waves emitted from the non-directional antenna are propagated through the path 404 being a direct propa- 
gation path, and the paths 403 and 405 through which reflected waves are propagated. By the radio waves emitted from 
40 the non-directional antenna are propagated through the different paths, therefore multi path propagation occurs. Figs. 
2A. 2B and 2C are diagrams showing the variation of a received electric field level at each path. In this case, the paths 
are different in space, the fading generated at each path is independent, and the variations of the received electric field 
level in the passage of time are shown in Figs. 2A, 2B and 2C. 

[0007] In Fig. 2A, the variation of a received electric field level at the path 403 is shown, in Fig. 2B, the variation of a 
45 received electric field level at the path 404 is shown and in Fig. 2C, the variation of a received electric field level at the 
path 405 is shown. 

[0008] For this kind of propagation, the diversity reception selects or combines the parts not faded out in each diversity 
branch and makes the probability of fading out decrease. This kind of diversity reception is named as a space diversity 
or a path diversity because of utilizing the non-correlation among the propagation paths. As a means to realize this 
so diversity, generally an adaptive array using plural antennas is applied. That is, by extracting plural multi path arriving 
waves using a directional control of the adaptive array, and combining the maximum ratio, a diversity combination can 
be performed. 

[0009] However, at the space cGversity, plural antennas are needed, therefore a disadvantage at cost occurs. In par- 
ticular, at microwave communication, the cost of antenna is high and the apparatus becomes large, therefore the 
55 number of antennas can not be increased without careful consideration. 

[0010] In order to improve the problem of this space diversity, Japanese Patent Application Laid-Open No. HEI 8- 
191289 discloses a spread spectrum diversity transmitter/receiver that utilizes a code division multiplex and a time 
diversity by a spread spectrum. This conventional spread spectrum diversity transmitter/receiver is shown in Figs. 3 and 
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4. 

[001 1 ] Fig. 3 is a block diagram showing the structure of a transmitting section of this conventional spread spectrum 
diversity transmitter/receiver, and Fig. 4 is a block diagram showing the structure of a receiving section of this conven- 
tional spread spectrum diversity transmitter/receiver. 
5 [001 2] As shown in Fig. 3, the transmitting section of this conventional spread spectrum diversity transmitter/receiver 
provides an error correction encoder 101, M-1 pieces of delay element whose delay time is x M 103t to 103 M -1, M 
pieces of interleave circuit 102 1 to 102 M> M pieces of modulator 105 1 to 105 M , M pieces of spread spectrum circuit 106 1 
to 106 M , a combining circuit 107, a transmitter 108 and a transmitting antenna 109. 

[0013] The error correction encoder 101 performs an error correction encoding for one series of transmitting data. 
10 [0014] The delay elements 103! to 103 M . 1f by giving delay time of x M to an output of the error correction encoder 
101 respectively, makes the output of the error correction encoder 101 branch to M — 1 pieces. 
[0015] The interleave circuits 102 1 to 102 M perform interleave respectively for the output from the error correction 
eejceder 101 and the outputs from the delay elements 103-j to 103^ . 

[0016] The modulators 105! to 105 M modulate the outputs from the interleave circuits 102-, to 102 M . 
is [0017] The spread spectrum circuits 106 1 to 106m perform a spread spectrum operation to the outputs from the mod- 
ulators 105i to 105 M by different spread codes. 

[0018] The combining circuit 107 combines the outputs from the spread spectrum circuits 106! to 106 M and performs 
code division multiplex for them and outputs the result. 

[0019] The transmitter 108 transmits the code division multiplex signal outputted from the combining circuit 107, 

20 through the transmitting antenna 1 09. 

[0020] As shown in Fig. 4, the receiving section of this conventional spread spectrum diversity transmitter/receiver 
provides a receiving antenna 1 10, a receiver 1 1 1, a branching circuit 1 12, M pieces of de-spread spectrum circuit 113! 
to 1 13 M , M pieces of demodulator 1 14-, to 1 14 M , M pieces of deinterleave circuit 118! to 1 18 M . M pieces of delay ele- 
ment whose delay time is r\ N116! to 11 6 M , a majority judging circuit 1 1 7 and an error correction decoder 119. 

25 [0021] The receiver 111 receives the code division multiplex signal transmitted from the transmitting section shown 
in Fig. 3. through the receiving antenna 1 10. 

[0022] The branching circuit 1 12 makes the signal received at the receiver 1 1 1 branch to M pieces and outputs as M 
branch signals. 

[0023] The de-spread spectrum circuits 1 13^ to 1 1 3 M perform de-spread spectrum operation to the M branch signals 
30 outputted from the branching circuit 1 12 by using the same spread codes used at the time of the spread at the trans- 
mitting section. 

[0024] The demodulators 1 14-| to 1 14 M demodulate each received signal of the M branch signals performed the de- 
spread at the de-spread spectrum circuits 1 13 1 to 1 13 M . 

[0025] The deinterleave circuits 1 18i to 1 18 M perform deinterleave respectively for the signals demodulated at the 
35 demodulators 1 1 4-j to 1 1 4 M . 

[0026] The delay elements 1 1 6-, to 1 1 6 M give delay time of -n N to each output from the deinterleave circuits 1 18! to 
1 18 M . in this, the reason why the delay time is given, the delay difference applied to the transmitting section is elimi- 
nated and the signal timing of each branch is made to match. 

[0027] The majority judging circuit 1 1 7 performs a majority judgment for each branch signal outputted from the delay 
40 elements 1 1 6-| to 1 1 6 M . 

[0028] The error correction decoder 119 performs an error correction decoding corresponding to the error correction 
encoder 101 at the transmitting section for the signals outputted from the majority judging circuit 1 17 and outputs the 
result as a received signal. 

[0029] Next, referring to Figs. 3 and 4, the operation of the conventional spread spectrum diversity transmitter/receiver 
45 is explained. 

[0030] At the transmitting section in Fig. 3, after an error correction is applied to the transmitting data by the error cor- 
rection encoder 101 , this data is made to branch to multi branch of M pieces. And a delay difference is given among 
branches by the delay elements 103! to 103 M -!. and each branch is used as a time diversity. At the interleave circuits 
102! to 102 M , an independent interleave is applied to each branch. After this, at the modulators 105! to 105 M , a mod- 

50 ulation is applied to each data. Further, at the spread spectrum circuits 106! to 106 M , a spread spectrum is applied to 
each data, and at the combining circuit 107, transmitting signals of each branch are combined. In this, each branch is 
a signal in the same frequency band and the combined signal becomes a code division multiplex signal. The output sig- 
nal of the combining circuit 107 is converted to a signal of the radio frequency band at the transmitter 108 and transmit- 
ted from the transmitting antenna 109. 

55 [0031] At the receiving section in Fig. 4, a received signal at the receiving antenna 1 10 is converted from a signal of 
the radio frequency band to a signal of the frequency band of the spread spectrum at the receiver 1 1 1 and the con- 
verted signal is made to branch to M branches at the branching circuit 112. The received signals of M branches made 
to branch at the branching circuit 1 12 are inputted to the M pieces of the de-spread spectrum circuit 1 13! to 1 13 M cor- 
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responding to the transmission section and the de-spread spectrum is applied to the signals. In this operation, the 
received signals of code division multiplex are extracted every corresponding branches. The extracted received signals 
are inputted to the M pieces of demodulator 1 14 1 to 1 14 M , and after this are inputted to the M pieces of deinterleave 
circuit 1 18 1 to 1 18 M and the deinterleave operation is applied. The delay difference applied at the transmitting section 
is eliminated from the M branch received signals at the delay elements 1 16 1 to 116 M . and the signal timing of each 
branch is matched. The majority judgment is performed for the outputs of the received signals at the majority judging 
circuit 1 17, and further the error correction decoding is applied to the outputted signals, at the error correction decoder 
119. 

[0032] At the conventional example in Figs. 3 and 4, not only a burst error caused by the multi fading is simply made 
to randomize by the interleave, but the time diversity is applied by the delay difference operation, with this operation, the 
channel quality against fading is improved. The combining means in the time diversity, for digital signals, finally depends 
on a switching means. At the conventional example, by applying the majority judgment, more likelihood judgment is per- 
formed and the transmission quality is improved. 

[0033] However, at this conventional example, the combination of the diversity branches is performed by the majority 
judgment of each branch. For example, at the case that the number of branches is 1 0 and the three branches show dig- 
ital signal " 1 w and the remaining seven branches show digital signal n 0 the majority judging circuit 1 17 judges " 0 ". 
However, at the case that the branches showing - 1 " are five and the branches showing " 0 " are five, there is a problem 
that the majority judging circuit 1 1 7 can not distinct which judgment is correct. Moreover, since the error probability of 
each branch is random, in spite of " 1 " is a right signal, there is a possibility that the greater part of the branches are 
judged as " 0 w . At this case, the majority judging circuit 117 simply judges n 0 n and output the result. Therefore, at the 
conventional spread spectrum diversity transmitter/receiver, there is a possibility that an error occurs at the majority 
judgment, and the characteristic of the bit error rate is deteriorated. 

[0034] Moreover, at this conventional example, the interleave circuits 1 02, to 102 M and the deinterleave circuits 1 18, 
to 1 18 M are needed at each diversity branch, therefore there is a problem that the size of the apparatus becomes large. 
[0035] Consequently, at the mentioned above conventional spread spectrum diversity transmitter/receiver, there are 
following problems: 

1 ) there is a possibility that an error occurs at the majority judgment, at this case that a bit error rate is deteriorated. 

2 ) plural interleave circuits and plural deinterleave circuits are needed at diversity branches, therefore the size of 
the apparatus becomes large. 

SUMMARY OF THE INVENTION 

[0036] It is therefore an object of the present invention to provide a spread spectrum diversity transmitter/receiver 
whose size is small and in which the characteristic of the bit error rate is improved. 

[0037] According to the present invention, for achieving the objects, a spread spectrum diversity transmitter/receiver 
provides a spread spectrum diversity transmitter and a spread spectrum diversity receiver. And said spread spectrum 
diversity transmitter includes an error correction encoding means for performing an error correction encoding tor a 
series of transmitting data, an interleave means for performing an interleave for a signal outputted from said error cor- 
rection encoding means, plural delay means which give different delay time for the signal outputted from said interleave 
means and makes said signal branch to N - 1 branches, a convolutional encoding means which performs a convolu- 
tional encoding whose coding rate R = N/M for signals of N - 1 branches outputted from said plural delay means and 
for a signal directly outputted from said interleave means, and outputs signals of parallel data of M branches, plural 
modulating means for modulating said signals of parallel data of M branches outputted from said convolutional encod- 
ing means respectively, plural spread spectrum means for performing spread spectrums for signals outputted from said 
plural modulating means by respective different spread codes, a combining means for performing a code division mul- 
tiplex by combining said outputs from said plural spread spectrum means, and a transmitting means for transmitting 
said code division multiplex signal. And said spread spectrum diversity receiver includes a receiving means for receiv- 
ing said code division multiplex signal transmitted from said spread spectrum diversity transmitter, a branching means 
for making said signal received at said receiving means branch to M branches and outputs M branch signals, plural de- 
spread spectrum means for performing de-spread spectrums for said M branch signals by using the same spread codes 
used at the time when the spread was performed at said spread spectrum diversity transmitter, plural demodulating 
means for demodulating said M branch signals performed the de-spread at said plural de-spread spectrum means, a 
Viterbi decoding means to which said demodulated M branch signals are inputted as parallel data and performs a 
Viterbi decoding whose coding rate R = N/M for said M branch signals demodulated at said plural demodulating 
means, plural delay means which give different delay time for each branch of parallel data of N branches outputted from 
said Viterbi decoding means and adjusts each delay, a majority judging means which performs a majority judgment for 
each branch signal outputted from said delay means and outputs the judged data, a deinterleave means for performing 
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a deinterleave for said judged data at said majority judging means, and an error correction decoding means for perform- 
ing an error correction decoding corresponding to said error correction encoding means of said spread spectrum diver- 
sity transmitter for the data outputted from said deinterleave means. 

[0038] According to the present invention, at a spread spectrum diversity transmitter/receiver of the present invention, 
s a burst error generated by a short break caused by a multi path fading is corrected by an error correction and an inter- 
leave. In addition to this, a diversity transmission and reception is performed by reducing the time correlation among 
branches by giving delay difference operation, and a convolutionai encoding is performed among branches. With this, 
at the present invention, multi dimensional transmitting signal by code division is utilized not only for diversity itself but 
also for error correction means. Moreover, by operating a majority judgment that selects a majority among branches, 
10 plural diversity branch signals are converted to the most likelihood one series data and a bit error is equivalents cor- 
rected. At the spread spectrum diversity receiver, an error correction decoding corresponding to the error correction 
encoding at the spread spectrum diversity transmitter is performed and the channel quality is improved. 
[0039j -< - Therefore, at a spread spectrum communication, without using a space diversity or a frequency diversity by 
installing fixed plural antennas or adaptive arrays, a diversity reception by code division multiplex becomes possible. 
15 Therefore, a bit error rate can be improved. And without any relation with the number of branches, it is enough that the 
number of the interleave circuit and the deinterleave circuit is one each, consequently the size of the apparatus can be 
reduced. 

[0040] At another spread spectrum diversity transmitter/receiver of the present invention, an error correction encoding 
means and an interleave means are deleted from the mentioned above spread spectrum diversity transmitter, and an 
20 error correction decoding means and a deinterleave means are deleted from the mentioned above spread spectrum 
diversity receiver. 

[0041 ] At this another spread spectrum diversity transmitter/receiver, only the effect of bit error corrections by the con- 
volutional encoding among branches and the majority judgment is utilized, and the error correction functions and the 
interleave function are deleted. With this, an error correction additional bit becomes unnecessary due to that the error 
25 correction functions are deleted, the signal band can be reduced and the frequency efficiency can be improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0042] The objects and features of the present invention will become more apparent from the consideration of the fol- 
30 lowing detailed description taken in conjunction with the accompanying drawings in which: 

Fig. 1 is a diagram showing the structure of a diversity reception; 

Fig. 2A is a diagram showing the variation of a received electric field level at a path 403 in Fig. 1 ; 
Fig. 2B is a diagram showing the variation of a received electric field level at a path 404 in Fig. 1 ; 
35 Fig. 2C is a diagram showing the variation of a received electric field level at a path 405 in Fig. 1 ; 

Fig. 3 is a block diagram showing the structure of a transmitting section of a conventional spread spectrum diversity 
transmitter/receiver; 

Fig. 4 is a block diagram showing the structure of a receiving section of the conventional spread spectrum diversity 
transmitter/receiver; 

40 Fig. 5 is a block diagram showing the structure of a transmitting section of a first embodiment of a spread spectrum 
diversity transmitter/receiver of the present invention; 

Fig. 6 is a block diagram showing the structure of a receiving section of the first embodiment of the spread spec- 
trum diversity transmitter/receiver of the present invention; 

Fig. 7 is a block diagram showing the structure of a convolutionai encoder in Fig. 5; 
45 Fig. 8 is a block diagram showing the structure of a transmitting section of a second embodiment of a spread spec- 
trum diversity transmitter/receiver of the present invention; and 

Fig. 9 is a block diagram showing the structure of a receiving section of the second embodiment of the spread spec- 
trum diversity transmitter/receiver of the present invention. 

so DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0043] Referring now to the drawings, embodiments of the present invention are explained in detail. 
[0044] Fig. 5 is a block diagram showing the structure of a transmitting section of a first embodiment of a spread spec- 
trum diversity transmitter/receiver of the present invention. Fig. 6 is a block diagram showing the structure of a receiving 
55 section of a first embodiment of a spread spectrum diversity transmitter/receiver of the present invention. And Fig. 7 is 
a block diagram showing the structure of a convolutionai encoder in Fig. 5. In Figs. 5 and 6, the elements of the same 
sign numbers as those in Figs. 3 and 4 have the same functions. 

[0045] As shown in Fig. 5, the transmitting section of the first embodiment of the spread spectrum diversity transmit- 



5 

BNSDOCID: <EP 09896B8A2_L> 



EP0 989 688 A2 



ter/receiver of the present invention is constituted of an error correction encoder 1 01 , an interleave circuit 1 02, two delay 
elements 103! and 103 2 whose delay time is different each other, a convolutional encoder 104 whose coding rate R = 
3/4, four pieces of modulator 105! to 105 4 , four pieces of spread spectrum circuit 106! to 106 4 , a combining circuit 107 
a transmitter 1 08 and a transmitting antenna 1 09. 

[0046] Comparing with the transmitting section of the conventional spread spectrum diversity transmitter/receiver 
shown in Fig. 3, at the transmitting section of the first embodiment of the present invention, the number of diversity 
branches M = 4, and M pieces of interleave circuit 102! to 102 M in Fig. 3 are replaced by one interleave circuit 102 and 
this interleave circuit 102 is disposed between the error correction encoder 101 and the delay elements 103! and 103 2 
and the convolutional encoder 1 04 is added in front of the modulators 1 05! t0 1 0S* 

[0047] An output signal from the interleave circuit 102 and output signals from the delay elements 103! and 103 2 are 
inputted to the convolutional encoder 104 as parallel data Si, S2 and S3 respectively. And the convolutional encoder 
1 04 outputs parallel data VI , V2, V3 and V4 after the inputted signals are encoded by the convolutional encoding. 
[0048] As shown in Fig. 7, the convolutional encoder 1 04 is constituted of nine flip flop (FF) circuits 201 ! to 201 9 and 
four mod2 adders 202! to 202 4 . 

[0049] The FF circuits 201 1 to 201 9 correspond to X°, X 1 , X 2 X 8 and memorize the parallel data inputs S 1f S 2 and 

S3 by a predetermined connection in sequence. 

[0050] The mod2 adders 202i to 202 4 perform an addition in the binary system (modulus 2 addition) for predeter- 
mined signals in the output signals of the FF circuits 201 ! to 201 9 . 
[0051 ] At the mod2 addition, the following operation is performed, 

0 + 0 = 0, 0 + 1=0, 1+0 = 1,1 + 1=0. 

[0052] The convolutional encoder 104 shown in Fig. 7 is a case that the constraint length K = 9, generally the encod- 
ing is performed by the following generating multinomials: 

Generating multinomial of V 1 : G (X) =X 2 +X 5 +X 7 +X 8 (1) 

Generating multinomial of V 2 : G 2 (X) = X 1 +X 5 +X 6 +X 8 (2) 

Generating multinomial of V 3 : G 3 (X) = 1+X 3 +X 4 +X 5 +X 7 (3) 

Generating multinomial of V 4 : G 4 (X) = 1+X 1 +X 2 +X 3 +X 4 +X 6 (4). 

[0053] In these multinomials (1) to (4), X n means the w n " th power of X. In Fig. 7. for example, the generating multi- 
nomial of V! is shown in the equation (1). The output of the V! is that the outputs of the FF circuits 201 3 , 201 6 201 8 
and 201 9 corresponding to X 2 , X 5 , X 7 and X 8 are operated by the mod2 addition (Exclusive OR) at the mod2 adder 
202!. At the V2, V3 and V4, the outputs are that the outputs of the corresponding FF circuits shown in the generating 
multinomials (2) to (4) are operated by the mod2 addition at the corresponding mod2 adder. 

[0054] As shown in Fig. 6, the receiving section of the first embodiment of the spread spectrum diversity transmit- 
ter/receiver of the present invention is constituted of a receiving antenna 110, a receiver ill, a branching circuit 112. 
four de-spread spectrum circuits 1 13! to 11 3 4 , four demodulators 1 14i to 1 14 4 , a Viterbi decoder 115 whose coding 
rate R = 3/4, three delay elements 1 16! to 1 1 63, a majority judging circuit 1 17. a deinterleave circuit 1 18 and an error 
correction decoder 119. 

[0055] Comparing with the receiving section of the conventional spread spectrum diversity transmitter/receiver shown 
in Fig. 4. at the receiving section of the first embodiment of the present invention, the number of diversity branches M 
= 4, and M pieces of deinterleave circuit 118! to 11 8 M in Fig. 4 are replaced by one deinterleave circuit 118 and this 
deinterleave circuit 1 18 is disposed between the majority judging circuit 1 17 and the error correction decoder 1 19, and 
the Viterbi decoder 1 1 5 is added in front of the delay elements 1 1 6! to 1 1 63. 

[0056] The received signals of M branches demodulated at the demodulators 1 1 4! to 1 1 4 4 are inputted to the Viterbi 
decoder 1 15 as parallel input data W1 to W 4 , and the Viterbi decoder 1 1 5 performs the Viterbi decoding of the coding 
rate R = 3/4 and outputs the result as parallel output data Y-j to Y 3 . 

[0057] Next, referring to Figs. 5, 6 and 7, the operation of the first embodiment of the present invention is explained. 
[0058] First, at the transmitting section, an error correction encoding is performed for transmitting data at the error 
correction encoder 101 and the interleave circuit 102. This error correction encoding corrects a burst error. And the out- 
put signal of the interleave circuit 102 is made to branch in three signals and the signals of a second branch and a third 
branch are given delay time by the delay elements 103! and 103 2 . This means that the time diversity is performed and 
the same effect explained at the conventional example can be obtained. A feature of the first embodiment of the present 
invention is that a convolutional encoding is performed, as these plural branch signals are made to be parallel input 
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data. The cortvolutional encoder 104 whose coding rale R is 3/4 is shown as an example, and whose circuit is shown 
in Fig. 7. 

[0059] At the convolutional encoding by the convolutional encoder 104 whose coding rate R = 3/4, three lines input 
data series to S 3 are outputted as four lines data series V 1 to V 4 . And the output signals from the convolutional 

5 encoder 104 are primarily modulated at the four modulators 105 1 to 105 4 respectively. The spread spectrum is per- 
formed for modulated waves outputted from the modulators 105 1 to 105 4 at the spread spectrum circuits 106-, to 106 4 
by respective independent random series. By combining the output signals from the four spread spectrum circuits 106^ 
to 106 4 at the combining circuit 107, the code division multiplex is performed for diversity transmitting signals of four 
branches. And the frequency conversion and the amplification are applied at the transmitter 108 for the code division 

10 multiplex signal performed at the combining circuit 107, and the signal is supplied to the transmitting antenna 109 and 
transmitted as a radio transmitting wave. 

[0060] At the conventional example, the error correction is performed before the transmitting data are made to branch 
in plural branches, and the code division multiplex is simply applied for the diversity branch signals and the result signal 
is transmitted. At the present invention, an error correction means named the convolutional encoding is added to the 
is diversity branches themselves, therefore the number of branches from the convolutional encoder increases but a 
stronger error correction function is installed. Especially the error correction system proposed at the present invention 
is named an error correction among diversity branches. 

[0061] At the receiving section of the first embodiment of the present invention, the frequency conversion from the 
radio frequency band to the spread spectrum signal band at the receiver 1 1 1 is applied for the wave received at the 

20 receiving antenna 1 10 and the converted signal is made to branch in four branches at the branching circuit 112. The 
de-spread spectrum, that is, the separation of code division multiplex waves is applied for the signals of the four 
branches at the four de-spread spectrum circuits 1 13t to 1 13 4 . The demodulation corresponding to the primary modu- 
lation applied at the transmitting section is applied for the four branch signals outputted from the de-spread spectrum 
circuits 1 1 3-, to 1 1 3 4 at the demodulators 1 1 4-, to 1 1 4 4 . The four branch demodulated signals are inputted to the Viterbi 

25 decoder 115 as parallel data series W 1 to W 4 . These parallel data series \N A to W 4 correspond to the parallel data 
series V-,, V 2 . V 3 and V 4 coded at the transmitting section and are applied the decoding of the coding rate R = 3/4 at 
the Viterbi decoder 115. At this, the error correction by the convolutional coding at the transmitting section is performed 
and the bit errors occurred at the transmission channel are corrected. The decoded data series are outputted as , Y 2 
and Y 3 , and are inputted to the three delay elements 1 16-, to 11 63. At this, the delay difference for the time diversity 

30 given at the delay elements 103 1 and 103 2 in the transmitting section is absorbed. That is, the timing of each branch at 
the outputs of the three delay elements 1 1 to 1 1 63 in the receiving section becomes the same and the majority judg- 
ment at the majority judging circuit 1 1 7 becomes possible. The inverse operation of the interleave operation at the trans- 
mitting section is applied at the deinterleave circuit 1 1 8 to the branch signals judged at the majority judging circuit 1 1 7, 
and the order of the data series is changed to the right order. The output signals of the deinterleave circuit 1 1 8 are input- 

35 ted to the error correction decoder 119, and the error correction corresponding to the error correction at the error cor- 
rection encoder 101 at the transmitting section is applied to the output signal from the deinterleave circuit 118 and the 
result is outputted as the received data. 

[0062] As mentioned above, at the first embodiment of the present invention, as a second error correction means 
among diversity branches, the convolutional encoding whose coding rate R = 3/4 is applied to the diversity signals of 

40 three branches. Therefore, the diversity branches are utilized not only for the only diversity but also for the error correc- 
tion means, consequently the bit error rate can be improved at the front stage of the majority judging circuit 117. 
[0063] Therefore, at the majority judging circuit 1 1 7 in the conventional spread spectrum diversity transmitter/receiver, 
the majority is divided into two parts and at the case that it can not be decided which one is the right judgment, the prob- 
ability that the bit error occurs is high. However, at the first embodiment of the present invention, by applying the second 

45 error correction means before the majority judgment, the majority or minority can be made clear at the majority judg- 
ment and the bit error can be suppressed. 

[0064] Moreover, at the conventional example, the plural pieces of interleave circuit and the plural pieces of deinter- 
leave circuits are needed corresponding to the diversity branches, however at the first embodiment of the present inven- 
tion, the interleave operation is moved to the outside of the diversity branches. Therefore it is enough that only one 
so interleave circuit and one deinterleave circuit are installed. The convolutional encoder 104 and the Viterbi decoder 115 
can be made in LSI and are small in size. Therefore, the increase of the size of the apparatus by installing the convolu- 
tiona encoder 104 and the Viterbi decoder 1 15 is not large. The effect of the reduction of the interleave circuits and the 
deinterleave cirsuits is larger. 

[0065] In the embodiment mentioned above, the coding rate R is set as 3/4, however generally the coding rate R can 
55 be set as N/M. In this case, the output signal from the interleave circuit 1 02 in Fig. 5 is made to branch N branches and 
M pieces of parallel output from the convolutional encoder 104 are made to the diversity branches. However, in this 
case, the M pieces of the modulator 105 and the M pieces of the spread spectrum circuit 106 have to be provided. 
[0066] Next, a second embodiment of the spread spectrum diversity transmitter/receiver of the present invention is 
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explained. 

[0067] Fig. 8 is a block diagram showing the structure of the transmitting section of a second embodiment of the 
spread spectrum diversity transmitter/receiver of the present invention. Fig. 9 is a block diagram showing the structure 
of the receiving section of a second embodiment of the spread spectrum diversity transmitter/receiver of the present 
invention. 

[0068] As shown in Fig. 8, a transmitting section of the second embodiment of the spread spectrum diversity trans- 
mitter/receiver of the present invention provides two delay elements 1 03, and 1 03 2 , a convolutional encoder 1 04 whose 
coding rate R = 3/4, four modulators 105! to 105 4 , four spread spectrum circuits 106-, to 106 4 , a combining circuit 107, 
a transmitter 1 08 and a transmitting antenna 1 09. 

[0069] As shown in Fig. 9, a receiving section of the second embodiment of the spread spectrum diversity transmit- 
ter/receiver of the present invention provides a receiving antenna 1 1 0. a receiver 1 1 1 , a branching circuit 1 12, four de- 
spread spectrum circuits 1 13i to 1 13 4 , four demodulators 1 14 t to 11 4 4 , a Viterbi decoder 115 whose coding rate R = 
3/4, three delay elements 1 1 61 and 1 1 63, and a majority judging circuit 117. 

[0070] At the transmitting section of the second embodiment of the spread spectrum diversity transmitter/receiver of 
the present invention, comparing with that of the first embodiment shown in Fig. 5, the error correction encoder 101 and 
the interleave circuit 1 02 are deleted. 

[0071] At the receiving section of the second embodiment of the spread spectrum diversity transmitter/receiver of the 
present invention, comparing with that of the first embodiment shown in Fig. 6, the error correction decoder 119 and the 
deinterleave circuit 1 18 are deleted. 

[0072] The deletion of the error correction encoder and the error correction decoder is described in Japanese Patent 
Application Laid-Open No. HEI 8-191289. The reason is mentioned as the majority judging circuit has the almost the 
same effect of the error correction. However, at the second embodiment of the present invention, the bit error is sup- 
pressed to as small as possible by using the error correction means among the branches by utilizing the convolutional 
encoding, and further by using with the majority judging circuit 117, the bit error rate is improved. Therefore, even 
though the error correction encoder 101 and the interleave circuit 102 are deleted from the first embodiment, the high 
channel quality can be obtained. 

[0073] At the second embodiment of the present invention, an error correction additional bit is not needed, due to that 
the error correction function is deleted. Consequently, the signal band can be reduced, the frequency efficiency 
becomes high comparing with the first embodiment of the present invention. 

[0074] As mentioned above, the present invention has the following effects. By newly adding the error correction 
means by the convolutional encoding for the diversity signals of N branches, the diversity branches are utilized for not 
only the diversity branches but also for the error correction means, therefore the bit error rate can be improved. 
[0075] The interleave circuit at the transmitting section and the deinterleave circuit at the receiving section can be 
made to be one each, without any relation with the number of respective branches, therefore the size of the apparatus 
can be made to be small. 

[0076] While the present invention has been described with reference to the particular illustrative embodiments, it is 
not to be restricted by those embodiments but only by the appended claims. It is to be appreciated that those skilled in 
the art can change or modify the embodiments without departing from the scope and spirit of the present invention. 

Claims 

1 - A spread spectrum diversity transmitter, comprising: 

an error correction encoding means (101) for performing an error correction encoding for a series of transmit- 
ting data; 

an interleave means (102) for performing an interleave for a signal outputted from said error correction encod- 
ing means (101); 

plural delay means (103^1032) which give different delay time for the signal outputted from said interleave 
means (102) and makes said signal branch to N - 1 branches; 

a convolutional encoding means (104) which performs a convolutional encoding whose coding rate R = N/M 
for signals of N - 1 branches outputted from said plural delay means (103^1032) and for a signal directly out- 
putted from said interleave means (102), and outputs signals of parallel data of M branches; 
plural modulating means (105 r 105 4 ) for modulating said signals of parallel data of M branches outputted from 
said convolutional encoding means (104) respectively; 

plural spread spectrum means (106 r 106 4 ) for performing spread spectrums for signals outputted from said 
plural modulating means (105 r 105 4 ) by respective different spread codes; 

a combining means (107) for performing a code division multiplex by combining said outputs from said plural 
spread spectrum means ( 1 06, -1 06 4 ) ; and 
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a transmitting means (108) for transmitting said code division multiplex signal. 

A spread spectrum diversity receiver, comprising: 

a receiving means (111) for receiving a code division multiplex signal transmitted from a spread spectrum 
diversity transmitter; 

a branching means (1 12) for making said signal received at said receiving means (111) branch to M branches 
and outputs M branch signals; 

plural de-spread spectrum means (1 13 r 1 13 4 ) for performing de-spread spectrums for said M branch signals 
by using the same spread codes used at the time when the spread was performed at the spread spectrum 
diversity transmitter; 

plural demodulating means (1 14 r l 14 4 ) for demodulating said M branch signals performed the de-spread at 
said plural de-spread spectrum means ( 1 1 3 1 - 1 1 3 4 ) ; 

a Viterbi decoding means (115) to which said demodulated M branch signals are inputted as parallel data and 
performs a Viterbi decoding whose coding rate R = N/M for said M branch signals demodulated at said plural 
demodulating means (1 14 r 1 14 4 ); 

plural delay means (1 16 r 1 163) which give different delay time for each branch of parallel data of N branches 
outputted from said Viterbi decoding means (115) and adjusts each delay; 

a majority judging means (117) which performs a majority judgement for each branch signal outputted from 
said delay means (116 r 1 163)and outputs the judged data; 

a deinterleave means (118) for performing a deinterleave for said judged data at said majority judging means 
(117); and 

an error correction decoding means (119) for performing an error correction decoding corresponding to an 
error correction encoding means (1 01) of the spread spectrum diversity transmitter for the data outputted from 
said deinterleave means (118). 

A spread spectrum diversity transmitter/receiver, comprising: 

a spread spectrum diversity transmitter, and 

a spread spectrum diversity receiver, 

said spread spectrum diversity transmitter, including: 

an error correction encoding means (101) for performing an error correction encoding for a series of transmit- 
ting data; 

an interleave means (102) for performing an interleave for a signal outputted from said error correction encod- 
ing means (101); 

plural delay means (103 1f 103 2 ) which give different delay time for the signal outputted from said interleave 
means (102) and makes said signal branch to N - 1 branches; 

a co involutional encoding means (104) which performs a convolutional encoding whose coding rate R = N/M 
for signals of N - 1 branches outputted from said plural delay means (103^103^ and for a signal directly out- 
putted from said interleave means (102), and outputs signals of parallel data of M branches; 
plural modulating means (105 r 105 4 ) for modulating said signals of parallel data of M branches outputted from 
said convolutional encoding means (104) respectively; 

plural spread spectrum means (106!-106 4 ) for performing spread spectrums for signals outputted from said 
plural modulating means (105^105^ by respective different spread codes; 

a combining means (107) for performing a code division multiplex by combining said outputs from said plural 
spread spectrum means (106r106 4 ); and 

a transmitting means (108) for transmitting said code division multiplex signal, 
and said spread spectrum diversity receiver, including: 

a receiving means (111) for receiving said code division multiplex signal transmitted from said spread spectrum 
diversity transmitter; 

a branching means (112) for making said signal received at said receiving means (111) branch to M branches 
and outputs M branch signals; 

plural de-spread spectrum means (1 13 r 1 13 4 ) for performing de-spread spectrums for said M branch signals 
by using the same spread codes used at the time when the spread was performed at said spread spectrum 
diversity transmitter; 

plural demodulating means (1 14 r 1 14 4 ) for demodulating said M branch signals performed the de-spread at 
said plural de-spread spectrum means (1 1 3^ -1 1 3 4 ); 

a Viterbi decoding means (1 15) to which said demodulated M branch signals are inputted as parallel data and 
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performs a Viterbi decoding whose coding rate R = N/M for said M branch signals demodulated at said plural 
demodulating means (1 14 r 1 14 4 ); 

plural delay means (1 16 r 1 16 3 ) which give different delay time for each branch of parallel data of N branches 
outputted from said Viterbi decoding means (115) and adjusts each delay; 
5 a majority judging means (1 1 7) which performs a majority judgment for each branch signal outputted from said 

delay means (1 16 r 1 16 3 ) and outputs the judged data; 

a deinterleave means (1 18) for performing a deinterleave for said judged data at said majority judging means 
(117); and 

an error correction decoding means (1 19) for performing an error correction decoding corresponding to said 
10 error correction encoding means (101) of said spread spectrum diversity transmitter for the data outputted from 

said deinterleave means (1 18). 

4. A spread spectrin diversity transmitter, comprising: 

is plural delay means (1 03^ , 1 03 2 ) which give different delay time for a series of transmitting data and makes said 

transmitting data branch to N - 1 branches; 

a convolutional encoding means (104) which performs a convolutional encoding whose coding rate R = N/M 
for signals of N - 1 branches outputted from said plural designate of N - 1 branches outputted from said plural 
deiay means (103 1( 103 2 ) and for a signal directly transmitted, and outputs signals of parallel data of M 
20 branches; 

plural modulating means (105 r 105 4 ) for modulating said signals of parallel data of M branches outputted from 
said convolutional encoding means (104) respectively; 

plural spread spectrum means (106 r 106 4 ) for performing spread spectrums for signals outputted from said 
plural modulating means (105 r 105 4 ) by respective different spread codes; 
25 a combining means (107) for performing a code division multiplex by combining said outputs from said plural 

spread spectrum means (106 1 -106 4 ); and 

a transmitting means (108) for transmitting said code division multiplex signal. 

A spread spectrum diversity receiver, comprising: 

a receiving means (111) for receiving a code division multiplex signal transmitted from a spread spectrum 
diversity transmitter; 

a branching means (112) for making said signal received at said receiving means (111) branch to M branches 
and outputs M branch signals; 

plural de-spread spectrum means (1 13 r 1 13 4 ) for performing de-spread spectrums for said M branch signals 
by using the same spread codes used at the time when the spread was performed at the spread spectrum 
diversity transmitter; 

plural demodulating means (1 14 r 1 14 4 ) for demodulating said M branch signals performed the de-spread at 
said plural de-spread spectrum means (1 13 1 -1 13 4 ); 

a Viterbi decoding means (1 1 5) to which said demodulated M branch signals are inputted as parallel data and 
performs a Viterbi decoding whose coding rate R = N/M for said M branch signals demodulated at said plural 
demodulating means (1 14 r 1 14 4 ); 

plural delay means (1 16 r 1 163) which give different delay time for each branch of parallel data of N branches 
outputted from said Viterbi decoding means (115) and adjusts each delay; and 

a majority judging means (1 1 7) which performs a majority judgment for each branch signal outputted from said 
delay means (1 1 6 r 1 16 3 )and outputs the judged data. 

6. A spread spectrum diversity transmitter/receiver, comprising: 

so spread spectrum diversity transmitter, and 

spread spectrum diversity receiver, 
said spread spectrum diversity transmitter, including: 

plural delay means (1 03i , 1 03 2 ) which give different delay time for a series of transmitting data and makes said 
transmitting data branch to N - 1 branches; 
ss a convolutional encoding means (104) which performs a convolutional encoding whose coding rate R = N/M 

for signals of N - 1 branches outputted from said plural delay means (1 03-, , 1 03^ and for a signal directly trans- 
mitted, and outputs signals of parallel data of M branches; 

plural modulating means (105-r105 4 ) for modulating said signals of parallel data of M branches outputted from 
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said convolutional encoding means (104) respectively; 

plural spread spectrum means (106^1064) for performing spread spectrums for signals outputted from said 
plural modulating means (105 r 105 4 ) by respective different spread codes; 

a combining means (107) for performing a code division multiplex by combining said outputs from said plural 
spread spectrum means (106^1064); and 

a transmitting means (108) for transmitting said code division multiplex signal, 
and said spread spectrum diversity receiver, including: 

a receiving means (111) for receiving said code division multiplex signal transmitted from said spread spectrum 
diversity transmitter; 

a branching means (112) for making said signal received at said receiving means (111) branch to M branches 
and outputs M branch signals; 

plural de-spread spectrum means (1 13 r 1 13 4 ) for performing de-spread spectrums for said M branch signals 
by using the same spread codes used at the time when the spread was performed at said spread spectrum 
diversity transmitter ; 

plural demodulating means (1 14 r 1 14 4 ) for demodulating said M branch signals performed the de-spread at 
said plural de-spread spectrum means (1 13 r 1 13 4 ); 

a Viterbi decoding means (115) to which said demodulated M branch signals are inputted as parallel data and 
performs a Viterbi decoding whose coding rate R = N/M for said M branch signals demodulated at said plural 
demodulating means (1 14 r 1 14 4 ); 

plural delay means (116! -1 1 63) which give different delay time for each branch of parallel data of N branches 
outputted from said Viterbi decoding means (115) and adjusts each delay; and 

a majority judging means (1 1 7) which performs a majority judgment for each branch signal outputted from said 
delay means (1 16 r 1 16 4 ) and outputs the judged data. 
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